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TIRE WHEEL ASSEMBLY 

TECHNICAL FIELD 

[OOOl] The present invention relates to a tire-wheel assembly having a 
pneumatic tire assembled on the rim of a wheel, and more particularly, to a 
tire-wheel assembly which can improve noise characteristics. 
TECHNICAL BACKGROUND 

[0002] In order to reduce road noise due to pneumatic tires, there have 
been conventionally proposed a variety of techniques including, for example, 
proper adjustment of the structure of the bead portions or sidewall portions 
thereof (see Patent Document 1, for example). However, there is a limit to 
reduce road noise with a tire alone, and it has been required to propose a 
new technique. 

[0003] Patent Document 1- Japanese patent application Kokai publication 
No. 2001-97011 

DISCLOSURE OF THE INVENTION 

[0004] An object of the present invention is to provide a tire-wheel 
assembly capable of reducing road noise. 

[0005] In order to achieve the above object, the present invention provides 
a tire -wheel assembly having a wheel with a rim and a pneumatic tire 
mounted on the rim, the pneumatic tire having a cavity inside for charging 
air, the pneumatic tire having a cavity's resonant frequency Fc arising from 
the cavity, the wheel having a plurality of natural frequencies, a difference 
between the cavity's resonant frequency Fc of the pneumatic tire and a 
natural frequency Fw of the wheel closest to the cavity's resonant frequency 
being 10 Hz or more. 
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[0006] According to the present invention, the difference of 10 Hz or more 
between the cavity's resonant frequency Fc of the pneumatic tire and the 
natural frequency Fw of the wheel closest thereto can moderate resonance 
therebetween, enabling the reduction of road noise. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a cross- sectional view showing an embodiment of a 
tire-wheel assembly according to the present invention, taken in a plane 
that contains the center axis X of rotation thereof. 

FIG. 2 is a partial enlarged cross-sectional view showing another 
example of a wheel. 

FIG. 3 is a schematic cross-sectional view showing an example of a 
JATMA standard rim. 

FIG. 4 is a side view showing another embodiment of a tire-wheel 
assembly according to the present invention. 
BEST MODES FOR CARRYING OUT THE INVENTION 
[0008] Embodiments of the present invention will be described in detail 
below with reference to the attached drawings. 

[0009] Referring to FIG. 1, there is shown an embodiment of a tire-wheel 
assembly according to the present invention; reference numeral 1 denotes a 
wheel, and reference numeral 2 denotes a pneumatic tire assembled on the 
wheel 1. 

[0010] The wheel 1 has a disk 10 to be attached to an axle of a vehicle, 
and an annular rim 12 provided on the outer circumferential end of the disk 
10. The disk 10 includes a boss 14 having in its center an attachment hole 
13 that receives the vehicle axle, and a disk-shaped disk body 11 provided on 
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the outer circumferential side of the boss 14. The rim 12 comprises a well 
portion 15 in the form of a recess that is connected to the outer 
circumferential side of the disk body 11, bead seat portions 16 connected to 
the opposite sides of the well portion 15, and flange portions 17 connected to 
the opposite sides of the bead seat portions 16. 

[00 11] The pneumatic tire 2 includes a tread portion 21, right and left 
sidewall portions 22 and right and left bead portions 23. The pneumatic 
tire 2 further includes a cavity 25 surrounded by the inner surface 24 of the 
pneumatic tire 2 for charging air. Although not shown in the drawing, the 
pneumatic tire 2 has a carcass ply that extends between the right and left 
bead portions 23, and its opposite ends are wrapped from the inner side of 
the tire toward the outer side thereof around bead cores embedded in the 
bead portions 23. A plurality of belt plies are provided radially outwardly 
of the carcass ply in the tread portion 21. The pneumatic tire 2 is 
assembled on the rim 12 of the wheel 1 by fitting the bead portions 23 of the 
pneumatic tire 2 to the bead seat portions 16 of the rim 12. 
[0012] The pneumatic tire 2 has a cavity's resonant frequency Fc (Hz) 
arising from the cavity 25. The wheel 1 has a plurality of natural 
frequencies. The difference between the cavity's resonant frequency Fc of 
the pneumatic tire 2 and the natural frequency Fw (Hz) of the wheel 1 that 
is closest to the cavity's resonant frequency Fc is equal to or more than 10 
Hz. 

[0013] Specifically, a pneumatic passenger vehicle tire, for instance, has a 
cavity's resonant frequency Fc generated in a frequency range of about 200 
to 250 Hz. The wheel 1 has natural frequencies F generated in a plurality 
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of frequency ranges. The cavity's resonant frequency Fc is taken 10 Hz or 
more away from the natural frequency Fw of the natural frequencies F 
closest to the cavity's resonant frequency Fc, or the closest natural 
frequency Fw is taken 10 Hz or more away from the cavity's resonant 
frequency Fc. Either the closest natural frequency Fw or the cavity's 
resonant frequency Fc may be higher or lower; it suffices for the difference 
between them to be 10 Hz or more. 

[0014] The difference between the cavity's resonant frequency Fc of the 
pneumatic tire 2 and the closest natural frequency Fw of the wheel 1, 
described above, can be made by adequately arranging the material, shape 
or the like of the wheel 1, and/or by changing the cross-sectional area of the 
cavity 25 surrounded by the rim 12 and the inner surface 24 of the 
pneumatic tire 2. For example, by using a metal of a light material for the 
wheel 1, or by thickening the wheel 1 to increase its rigidity, the natural 
frequencies F of the wheel 1 can be removed to higher frequencies. By 
using a metal of a heavy material for the wheel 1, or by thinning the wheel 1 
to reduce its rigidity, the natural frequencies F of the wheel 1 can be 
removed to lower frequencies. Also, by increasing the cross-sectional area 
of the cavity 25 in the radially inner region thereof to shorten the equivalent 
radius (length) of the cavity 25, the cavity's resonant frequency Fc of the 
pneumatic tire 2 can be removed to a higher frequency. 

[0015] In FIG. 2, an example of a wheel is shown that increases the 
cross-sectional area of the cavity 25 in the radially inner region thereof 
while having reduced rigidity. This wheel 1' has a recess 18 that is 
annularly formed along the circumferential direction of the wheel in the 
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well portion 15 integrally connected to the outer circumferential end of the 
disk 10, the recess extending to the disk 10. The cross-sectional area of the 
cavity 25 in the radially inner region thereof increases by the cross-sectional 
area of the recess 18, and the rigidity of the part of the wheel V in which the 
recess is formed is reduced as the recess 18 is formed. As a result, the 
cavity's resonant frequency Fc of the pneumatic tire 2 is removed to a higher 
frequency, and the natural frequencies F of the wheel V are removed to 
lower frequencies, whereby the cavity's resonant frequency Fc of the 
pneumatic tire 2 is higher than the natural frequency Fw of the wheel 1* 
closest thereto. 

[0016] As shown in FIG. 2, when the cross-sectional area of the cavity 25 
in the radially inner region thereof is increased to make the cavity's 
resonant frequency Fc higher than the natural frequency Fw, a 
cross-sectional area S (mm 2 ) surrounded by a phantom straight line Li 
passing the position of the rim radius D and the radially outer surface 12x of 
the rim 12 in cross section shown in the drawing taken in a plane that 
contains the center axis X of rotation of the tire-wheel assembly (see FIG. l) 
is preferably in the range of 80 to 150 % of the area Q (mm 2 ) expressed by 
the following expression" 
Q=(A-2P)xH 

where A is a rim width (mm), H is the depth (mm) of the well portion 15, 
and P is the width (mm) of the bead seat portion 16. 

[0017] If the cross- sectional area S is less than 80 % of the area Q, it is 
difficult for the difference between the cavity's resonant frequency Fc of the 
pneumatic tire 2 and the natural frequency Fw of the wheel 1 closest thereto 
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to be 10 Hz or more. If the cross-sectional area S exceeds 150 % of the area 
Q, it is difficult to produce a wheel that maintains a specified rim radius D. 
[0018] It should be noted that the rim width A, the rim radius D, the 
width P of the bead seat portion 16, and the depth H of the well portion 15 
shown in FIG. 2 are according to the specifications of symbol A, symbol cpD, 
symbol P, symbol H of a rim 1J that is shown in FIG. 3 as one example and 
specified in JATMA (JATMA YEAR BOOK 2003). 

[0019] The present inventors noted a tire-wheel assembly comprising a 
wheel and a pneumatic tire mounted thereon through intense study on the 
reduction of road noise. The wheel has natural frequencies F produced in a 
plurality of frequency ranges. If one of the natural frequencies F is close to 
the peak of a vibration frequency caused by the tire, road noise is 
deteriorated because of resonance phenomenon between both frequencies. 
The pneumatic tire 2 has a cavity's resonant frequency Fc arising from the 
cavity 25, and the cavity's resonant frequency Fc is close to one of the 
natural frequencies F of the wheel 1, which increases resonance 
phenomenon, contributing to the deterioration of road noise. 
[0020] Therefore, in the present invention, the difference between the 
cavity's resonant frequency Fc of the pneumatic tire 2 and the natural 
frequency Fw of the natural frequencies F closest thereto is made 10 Hz or 
more not to be close to each other, as described above. This moderates 
resonance phenomenon between the cavity's resonant frequency Fc of the 
pneumatic tire 2 and the natural frequency Fw of the natural frequencies F 
closest thereto, enabling the reduction of road noise. 

[0021] If the difference between the cavity's resonant frequency Fc and 
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the natural frequency Fw is less than 10 Hz, it is difficult to effectively 
reduce road noise. Preferably, the difference between the cavity's resonant 
frequency Fc and the natural frequency Fw is 20 Hz or more to further 
reduce road noise. The upper limit of the difference between the cavity's 
resonant frequency Fc and the natural frequency Fw can be 60 Hz. It is 
because the reduction effect is substantially the same even if the difference 
exceeds 60 Hz. 

[0022] In the present invention, in the case where the wheel 1 comprises 
a disk 10 having a boss 14 placed in its center and a plurality of rim support 
parts 19 radially placed from the boss 14 at equal intervals, and a rim 12 
disposed rdially outwardly of the rim support parts 19, as shown in FIG. 4, 
if the number K of the rim support parts 19 is odd, the difference between 
the frequency Fo (Hz) expressed by Fo=KxFc and the natural frequency Fyo 
(Hz) of the wheel 1 closest thereto is preferably 5 % or more; in other words, 
the natural frequency Fyo of the wheel 1 closest to the frequency Fo is 
preferably taken 5 % or more away with respect to the frequency Fo. If the 
number K of the rim support parts 19 is even, the difference between the 
frequency Fe (Hz) expressed by Fe=KxFc/2 and the natural frequency Fye 
(Hz) of the wheel 1 closest thereto is preferably 5 % or more; in other words, 
the natural frequency Fye of the wheel 1 closest to the frequency Fe is 
preferably taken 5 % or more away with respect to the frequency Fe. 
[0023] In the wheel 1 having a rim 12 connected to the outer radially 
outer ends of the radially placed rim support parts 19, the rim 12 has 
portions 12A that are braced by the rim support parts 19 and are not easily 
vibrated, and portions 12B that are not braced thereby and are easily 
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vibrated, the portions 12A and 12B being alternately present by the number 
K of the rim support parts 19, respectively. If the cycle (K cycles) of the 
portions 12A that are not easily vibrated and the portions 12B that are 
easily vibrated is identical to the period of a higher-order frequency 
component of the cavity's resonance, it is not preferable because the 
resonant action increases to thereby deteriorate road noise. 
[0024] If the number K of the rim support parts 19 is even, the 
higher-order frequency component of the cavity's resonance having a period 
identical to the cycle of the portions 12A and 12B has the above frequency 
Fe expressed by Fe= KxFc/2; therefore, the frequency Fe is taken away from 
the natural frequency Fye of the wheel 1 closest thereto. 

[0025] If the number K of the rim support parts 19 is odd, the period of 
the cavity's resonance is not identical to the cycle of the portions 12A and 
12B, because the period of the cavity's resonance is even; however, the 
period of the higher-order frequency component of the cavity's resonance 
having a frequency which is two times the frequency of the cavity's 
resonance is identical to the cycle of the portions 12A and 12B. Therefore, 
if the number K is odd, the frequency Fo is taken away from the natural 
frequency Fyo of the wheel 1 closest thereto because the higher-order 
frequency component of the cavity's resonance having a period identical to 
the cycle of the portions 12A and 12B has the above frequency Fo expressed 
by Fo=KxFc. 

[0026] If the percentage at which it is taken away therefrom is less than 
5 %, the improvement effect can not be obtained. The upper limit thereof is 
preferably 30 % or less. It is because that is the limit at present, since 
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another natural frequency is closer to the higher-order frequency component 
of the cavity's resonance even if the particular natural frequency Fye, Fyo of 
the wheel 1 is taken away from the higher-order frequency component of the 
cavity's resonance. 

[0027] The frequency Fe, Fo can be taken away from the natural 
frequency Fye, Fyo of the wheel 1 closest thereto as follows. For example, 
the sensitivity of a natural frequency desired to be taken away to mass and 
rigidity of the wheel (percentage of change of the natural frequency in 
changing the mass and rigidity) is obtained through experimental modal 
analysis, analysis using a finite element method, or the like, and the 
material or thickness of the wheel 1 is changed according to the obtained 
results, whereby the natural frequency can be changed. 

[0028] The difference between each frequency Fm (Hz) of higher-order 
frequency components of the cavity's resonance obtained by multiplying the 
cavity's resonant frequency Fc of the pneumatic tire 2 by integral multiples 
of two to five and the natural frequency Fx (Hz) of the wheel 1 closest to 
each frequency Fm of the higher-order frequency components is preferably 
5 % or more with respect to each frequency Fm of the higher-order 
frequency components," in other words, the natural frequency Fx of the 
wheel 1 closest to each frequency Fm of the higher-order frequency 
components is preferably taken away 5 % or more with respect to each 
frequency Fm of the higher-order frequency component. 

[0029] The important frequency in the noise transmitted to the inside of a 
vehicle from the tire is up to about 1 kHz, and as the order of the frequency 
component is higher, the affection thereon decreases. Accordingly, by 



9 



making the difference between each frequency Fm of the higher-order 
frequency components of the cavity's resonance obtained by multiplying the 
cavity's resonant frequency Fc by integral multiples of two to five and the 
natural frequency Fx (Hz) of the wheel 1 closest to each frequency Fm of the 
higher-order frequency components 5 % or more, road noise arising from the 
frequencies Fm of the higher-order frequency components can be reduced. 
The upper limit of the difference between each frequency Fm of the 
higher-order frequency components and the natural frequency Fx can be 
20 % because of the same reason as mentioned above. 

[0030] Each frequency Fm of the higher-order frequency components can 
also be taken away from the natural frequency Fx (Hz) of the wheel 1 closest 
thereto in the same way as described above. 

[0031] The present invention is preferably applicable to a tire -wheel 
assembly used for passenger cars in particular. 

[0032] The natural frequencies F of the wheel 1 and the cavity's resonant 
frequency Fc of the pneumatic tire 2 of the tire-wheel assembly according to 
the present invention are measured as follows. 

[0033] Referring first to the natural frequencies F of the wheel 1, the 
wheel 1 alone is fixed to a shaft formed of a rigid material, vibration is 
applied to the disk 10 from the widthwise direction of the wheel 1, and 
vibration generated near the point to which the vibration has been applied 
is measured to read frequencies showing the peaks of a transfer function 
obtained through frequency analysis. Also, vibration is applied to the 
flange portion 17 of the rim 12 from the radial direction of the wheel 1 to 
read frequencies showing the peaks as described above. The read 
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frequencies are the natural frequencies F of the wheel 1. 

[0034] Referring then to the cavity's resonant frequency Fc of the 
pneumatic tire 2, a tire-wheel assembly (tire-wheel assembly for passenger 
cars) where an air pressure of 180 kPa has been applied to the pneumatic 
tire 2 is hung in the air with a rubber band, vibration is applied to the 
center of the tread portion 21 from the radial direction of the tire, and 
vibration generated near the wheel center is measured to read a frequency 
showing the peak of a transfer function obtained through frequency analysis. 
The read frequency is the cavity's resonant frequency Fc of the pneumatic 
tire 2. 
EXAMPLE 

[0035] Prepared were tire-wheel assemblies according to the present 
invention tire-wheel assemblies 1 to 7 (examples 1 to 7) and comparison 
tire-wheel assemblies 1 and 2 (comparative examples 1 and 2), each having 
a wheel with a 15x6 1/2JJ sized rim and a 195/60R15 sized tire, in which 
the cavity's resonant frequency Fc (Hz) of the pneumatic tire, the natural 
frequency Fw (Hz) of the wheel (the number K of the rim support parts is 
five) closest to the cavity's resonant frequency, the difference between the 
cavity's resonant frequency Fc (Hz) and the natural frequency Fw, the 
difference (%) between the frequency Fo (Hz) and the natural frequency Fyo 
(Hz), the difference (minimum value) (%) between each frequency Fm of the 
higher-order frequency components and the natural frequency Fx (Hz) 
closest thereto were as shown in Table 1. 

[0036] The natural frequency Fw of each of the present invention 
tire-wheel assemblies 1 to 7 and the comparison tire-wheel assemblies 1 and 
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2 was changed by adjusting the thickness of the wheel. The present 
invention tire -wheel assembly 7 has a wheel with a construction shown in 
FIG. 2. The ratio S/Q of the cross -sectional area S to the area Q of each of 
the present invention tire-wheel assemblies 1 to 6 and comparison 
tire-wheel assemblies 1 and 2 is 69 %, and the ratio S/Q of the 
cross-sectional area S to the area Q of the present invention tire-wheel 
assembly 7 is 91 %. The air pressure applied to each is 180 kPa. 
[0037] The test tire -wheel assemblies were mounted on a passenger car 
(FF vehicle) of two litter displacement; evaluation testing for road noise was 
carried out according to the following measurement method, obtaining the 
results shown in Table 1. 
Road Noise 

[0038] Feeling testing was conducted on a test course by a test driver, 
evaluating the results on a ten-point scale. As the value is greater, road 
noise is lower. 



Table 1 





Fc (Hz) 


Fw (Hz) 


Difference 
(Hz) 

between Fc 
and Fw 


Difference 
(Hz) 

between Fo 
and Fyo 


Difference 
(Hz) 

between Fm 
and Fx 


Road Noise 


Comparative 
Example 1 


234 


225 


9 


2 


1 


5 


Comparative 
Example 2 


234 


242 


8 


3 


2 


5 


Example 1 


234 


245 


11 


2 


3 


5.5 


Example 2 


234 


255 


21 


4 


4 
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Example 3 


234 


291 


57 


2 


3 
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Example 4 


234 


300 


66 


3 


2 


7 


Example 5 


234 


254 


20 


6 


4 


6.5 


Example 6 


234 


255 


21 


7 


6 


7 


Example 7 


237 


216 


21 


6 


6 


7 



[0039] From Table 1, it is understood that the present invention 



tire-wheel assemblies in which the differences between the cavity's resonant 
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frequencies Fc (Hz) of the pneumatic tires and the natural frequencies Fw 
(Hz) of the wheels closest thereto can reduce road noise. 

[0040] From the present invention tire-wheel assemblies 2 and 5 
(examples 2 and 5), it is understood that the present invention tire-wheel 
assembly 5 in which the difference between the frequency Fo and the 
natural frequency Fyo is in the range of 5 % or more can further reduce road 
noise than the present invention tire-wheel assembly 2 in which the 
difference between the frequency Fo and the natural frequency Fyo is in the 
range that is less than 5 %. 

[0041] From the present invention tire-wheel assemblies 5 and 6 
(examples 5 and 6), it is understood that the present invention tire-wheel 
assembly 6 in which the difference between the frequency Fm of the 
higher-order frequency component and the natural frequency Fx is in the 
range of 5 % or more can further reduce road noise. 
INDUSTRIAL APPLICABILITY 

[0042] The present invention having the aforementioned excellent effect 
is very effectively applicable to a tire-wheel assembly to be mounted on 
passenger cars in particular. 
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